Neutral beam (NB) heating in the National Spherical Torus Experiment (NSTX) began in September 2000 using up to 5 MW of 80 keV D beams. An initial assessment of beam ion confinement has been made using neutron detectors, a neutral particle analyzer (NPA) and a Faraday cup beam ion loss probe. Preliminary neutron results indicate that confinement may be roughly classical in quiescent discharges, but the probe measurements do not match a classical loss model. MHD activity, especially reconnection events (REs) causes substantial disturbance of the beam ion population.
Introduction
A major goal of spherical tokamak (ST) research is to obtain plasmas at high beta (i.e. β T >10%) via auxiliary heating. NB heating experiments in NSTX began in September 2000 using up to 5 MW of 80 keV D beams from three co-injecting beam sources with tangency radii of 69.4 cm, 59.2 cm, and 48.7 cm (designated A, B, & C, respectively). In order to obtain high beta efficiently in an ST, the NB ions must remain well confined as they slow down and heat the plasma. The purpose of this paper is to provide an initial assessment of the quality of NB ion confinement in quiescent NSTX plasmas and to describe some observations of beam ion loss due to magnetohydrodynamic (MHD) instabilities.
In order to characterize beam ion confinement in NSTX, several diagnostics are used. These include a neutral particle analyzer 1 (NPA) capable of looking at ions in both the thermal and suprathermal energy ranges, neutron detectors, and a Faraday cup based fast lost ion probe (FLIP). The NPA on NSTX utilizes a PPPL-designed E||B spectrometer which measures the energy spectra of H and D simultaneously with 39 energy channels per mass species and a time resolution of 1 msec. The neutron detectors on NSTX consist of both 235 U fission chambers and plastic scintillators. These give an absolutely-calibrated measure of the neutron emission from DD fusion reactions between NB ions and bulk plasma ions. The 28th EPS Conference on Contr. Fusion and Plasma Phys. Funchal, 18-22 June 2001 ECA Vol. 25A (2001 ) 1017 -1020 FLIP diagnostic 2 measures the loss of ions with energies >1 keV. It is located on the outer wall of the vessel, at the midplane, and has apertures at R=1.61 m, 1.63 m, and 1.66 m.
Loss model results
NB ion loss fractions have been modeled with the EIGOL code 3 , which follows the full gyro-orbits of particles but does not include the effects of collisions. The losses vary strongly with plasma current, being ~15% lost at the standard current of 1 MA, and increasing rapidly to ~40% at 0.5 MA. The loss fraction is relatively insensitive to plasma density, but does drop by a factor of three if the distance between the outer wall and the separatrix is increased from 5 to 15 cm. Simulations also show a significant variation in the confined fraction depending upon which of the three beam sources is used. For a representative 1 MA equilibrium, the loss fractions are 11% (A), 13% (B), and 19% (C). In addition, the loss fractions and neutron rates have been computed with the TRANSP code. yield with increasing current, as expected if the NB ion confinement was improving with higher current. In addition, the data show that the neutron production from source C is distinctly lower than that from the other two sources (which are both about equally efficient). This is also in qualitative agreement with the predictions of the EIGOL code. In addition, the measured neutron rate agrees with that from TRANSP calculations, which include both orbit R tan of the beam source, but again the variation of the measured loss is much larger than that predicted. In addition, the absolute magnitude of the loss is about ten times smaller than expected from EIGOL and TRANSP simulation results.
Confinement in quiescent plasmas
Our preliminary conclusion from the neutron measurements is that the loss of beam ions is consistent with the presence of only prompt orbit loss and collisional slowing down.
Faraday cup loss measurements yield a more uncertain result as the loss levels are unexpectedly small and vary more strongly than the prompt loss model predicts. So, a more detailed and quantitative study is warranted.
MHD effects on confinement
An example of energetic ion behavior resulting from MHD activity is given in Fig. 3 . This work was supported by US DoE contract DE-AC02-76CH03073.
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